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The problem of the optimal external source distribution for maximum power in subcritical uniform slab reactors with a maximum flux constraint is analyzed. This paper is concerned with the optimal external source distribution that yield maximum power in a subcritical uniform slab reactor with a constraint in the maximum neutron flux allowable. This work is a complement to an earlier work by Vitela & Akcasu (1), where the optimal flux distribution in a slab reactor with a uniform external source distribution was found. In that work the optimal solution was found by adjusting the absorbing material throughout the reactor.
In this paper the external source concentration in the core is chosen to be the control variable.
The slab reactor is assumed to be subcritical so the presence of external neutron sources will produce a steady state flux distribution.
The location and magnitude of these sources will determine the magnitude and shape of the resulting neutron flux distribution.
The task is now to find the optimal source locations that maximizes the total power in the reactor without violating a prescribed maximum value of the neutron flux that is permitted in the core.
The solution is separated in three main cases in Chap. III : ( 1 ) the solution for the case where nSf-Sa<0 is presented, (2) the case nSf-Sa >0 is discussed, and (3) the particular solution when nSf-Sa =0 is obtained as a limiting case of the above two. The mathematical model we consider is the one group neutron diffusion approximation for a uniform bare slab reactor (2) (1)
In the next chapter we establish the problem as an optimal control problem and the necessary conditions for optimality are summarized.
II. NECESSARY CONDITIONS FOR OPTIMALITY
The solution of this problem requires the use of optimal control theory(3)(4), therefore, it is necessary to present the problem in the standard optimal control format. The thickness of the slab reactor is taken to be H and the center of the core is located at the origin of the reference system. Defining p and dp/dx by Z1 and Z2, respectively and the control variable by (2) the optimal control problem is established using the symmetry of the system as follow :
Find the optimal control function U0p(x), that minimizes the functional (3) subject to the plant equations (4) the control set is specified by (5) that is, we have set an upper bound to the magnitude of the external source concentration.
The inequality constraint,
is imposed on the problem, and the following boundary conditions are required :
( 7) together with (8) The variables l1 and l2 are known as adjoint variables. Denoting by Zt=(Z1, Z2) the state variables and lt=(l1, l2), the adjoint variables, the necessary conditions that the solution must satisfy are (10) (11)
In the above equation R(e) denotes the eth order total derivative of R(Z) with respect to x, where e is the order of the derivative in which the control variable appears explicitly the first time. The optimal contrbl is obtained from (14) here, however, since Xf=H/2 is fixed this condition is automatically satisfied.
from where we obtain, using Eq. (8) (16) with no condition for l1(H/2).
In general the implementation of the above conditions lead to a two point boundary value problem for a couple set of differential equations.
In our problem, they lead to linear set of equations for the state and adjoint variables, where the state and adjoint equations are coupled only through the control variable.
The next chapters present the optimal solution and discuss their behavior, for the different cases mentioned in INTRODUCTION. it can be easily checked that the flux constraint is violated by the uniform distribution with U(x)=Umax, if
III
If this is satisfied, the necessary conditions for optimality yields the solution : Figure  1 shows x0 against Umax for this reactor. Figure  2 shows the optimal flux distributions corresponding to several values of Umax. Finally a typical optimal control distribution for this case is shown in Fig. 3 .
nSf-Sa>0
Fig 
where the switching point x0 is now obtained from (26) In this solution, there is no subarc on the constraint boundary. This is expected since U(x)>=0 and thus, dZ2/dx in Eq. (4), is always negative ; this fact, together with initial conditions in Eq. (7), force the neutron flux to be always a decreasing function of x.
To illustrate these results we take a slab reactor with z2=4.13 x10-4 cm-2, thickness H=150 cm and again a maximum flux available pmax 1x1014 cm-2,s-1. The switching point x0 as a function of Umax, for this reactor, is show in Fig. 4 . Figure 5 shows the optimal flux distribution corresponding to several values of Umax; finally, Fig. 6 shows a typical optimal control distribution.
nSf-Sa=0
The solution of the case when nS f-Sa=0 can be obtained from the results of the above two cases taking the limit when K->0 in Eqs.
(19)~(21) or when z->0 in Eqs. (24)~ (26) ; the solution is (27) with the optimal flux given by (28) and the switching point x0 is ob- 
